plant tissues, but effects are often opposite in different species or growth situations and they do not bear any consistent relationship to total RNA levels. It has been suggested (19, 27) that the ability of auxins and cytokinins to stimulate or to inhibit RNA metabolism depends in part on relative hormone concentrations. Another source of confusion may be the fact that, in most studies to date where RNase activity has been studied during plant development, only total levels are measured or, in cases where tissue is fractionated, only one fraction is assayed. This fails to take into account the likelihood that more than one RNase exists in growing tissues and that the various activities are associated with either soluble or membrane-bound fractions (18, 21, 28, 30) . A thorough investigation of the effects of different growth regulators on total and subcellular levels of RNA and RNase activity and their relation to growth in a well characterized tissue has not been reported. This paper describes effects on these parameters mainly of the auxin indoleacetic acid (IAA) and the cytokinin benzyladenine, applied alone or together to growing regions of decapitated pea epicotyls. In this semi-intact system, auxin treatment has been shown (5, 8, 16) to result in lateral cell expansion and massive increases in RNA and protein in various cell subfractions, including microsomes. Growing regions of peas are well known to yield RNase activity in soluble and microsomal fractions (11, 15, 18).
the cytokinin benzyladenine along with indoleacetic acid. Nevertheless, indoleacetic acid and benzyladenine acted synergistically in their abilities to evoke swelling and net synthesis of RNA and protein. Polysomal profiles prepared after treatment with indoleacetic acid plus benzyladenine showed less degradation than profiles from any other treatment. It is concluded that auxin generates and cytokinin suppresses the activity of a particular membrane-bound RNase which can control turnover of the auxin-evoked polysomes required for growth in peas. Synergism between the two hormones in this system may be explained by the action of one to increase RNA synthesis and the other to decrease RNA destruction. plant tissues, but effects are often opposite in different species or growth situations and they do not bear any consistent relationship to total RNA levels. It has been suggested (19, 27) that the ability of auxins and cytokinins to stimulate or to inhibit RNA metabolism depends in part on relative hormone concentrations. Another source of confusion may be the fact that, in most studies to date where RNase activity has been studied during plant development, only total levels are measured or, in cases where tissue is fractionated, only one fraction is assayed. This fails to take into account the likelihood that more than one RNase exists in growing tissues and that the various activities are associated with either soluble or membrane-bound fractions (18, 21, 28, 30) . A thorough investigation of the effects of different growth regulators on total and subcellular levels of RNA and RNase activity and their relation to growth in a well characterized tissue has not been reported. This paper describes effects on these parameters mainly of the auxin indoleacetic acid (IAA) and the cytokinin benzyladenine, applied alone or together to growing regions of decapitated pea epicotyls. In this semi-intact system, auxin treatment has been shown (5, 8, 16) to result in lateral cell expansion and massive increases in RNA and protein in various cell subfractions, including microsomes. Growing regions of peas are well known to yield RNase activity in soluble and microsomal fractions (11, 15, 18) .
Many plant and animal growth hormones evoke synthesis of messenger and ribosomal RNA, and the evidence is convincing that new polysomal species are needed for synthesis of enzymes that help to bring about particular morphogenetic events (6, 9, 13, 22, 25) . Hormones may affect enzyme levels via other mechanisms, of course. For example, in animal tissues it is established that precise regulation of enzyme synthesis can result from changes in stability of messenger RNA (24) , which, in turn, may be controlled by hormonal effects on RNase levels at crucial times and locations in growing cells (3) . In plant tissues, however, reports of effects of various hormones on RNase activity appear to be contradictory (see reviews-Refs. 13 The pellet sedimenting at the bottom of the tubes, i.e., the heavy microsomal fraction, was dispersed in resuspension medium by brief (2 sec) agitation with a Polytron PT 10/ST homogenizer. In order to "wash" the heavy microsomes, a 6-ml aliquot of their suspension was layered over 6 ml 20% (w/v) sucrose dissolved in resuspension medium and was recentrifuged as above for 1 hr.
Preparation of Polysomal Profiles. The methods used were modified from those described by Wettstein et al. (29) . Aliquots (6 ml) of the 16,000g supernatant were layered over 6 ml 50% (w/v) sucrose dissolved in resuspension medium and were centrifuged in an IEC angle rotor No. 169 at 40,000 rpm (145,000gav) for 1 hr. The resulting pellet was gently dispersed in 0.5 ml resuspension medium with a round tipped glass rod, and that was layered over a 12-ml linear gradient of sucrose (10-35%, w/v) in resuspension medium underlaid by 0.5 ml 56% (w/v) sucrose. Tubes were centrifuged in an IEC SB rotor No. 283 at 30,000 rpm (105,OOOg,,) for 2.5 hr at 0 C. They were punctured and the absorbance of the effluent was scanned continuously at 254 nm with an ISCO model D density gradient fractionator. The effluent was monitored at a speed of 2 ml/min and recorded at a chart speed of 1 inch/ min.
Protein and Nucleic Acid Estimation. Aliquots of subcellular fractions were precipitated with equal volumes of ice cold 10% (w/v) trichloroacetic acid and washed consecutively with cold 5% (w/v) trichloroacetic acid, absolute acetone, and ether. Nucleic acid was extracted from the defatted precipitate in warm (70 C) 0.5 N perchloric acid and estimated by measuring A,,, -A. values with wheat germ RNA (Calbicchem) as standard (12) . Dilutions were such that final concentrations up to 60 ,.tg RNA per ml were assayed accurately by this method. DNA was measured with diphenylamine (4). Protein in the perchloric acid-insoluble residue was dissolved in 1 N NaOH and estimated by the biuret method (10) or the Lowry method (14) with bovine serum albumin as standard. RNase Activity. The assay was a modification of the methods of Zittle (31) and Lyndon (15) . Reaction was initiated by adding 0.2 ml suspended subcellular fraction to 0.6 ml 0.33% (w/v) wheat germ or yeast RNA (highly polymerized, Calbiochem) dissolved in 0.2 M tris-acetate buffer, pH 6.0. The mixture was incubated at 35 C for 35 min and reaction was stopped by adding 1.0 ml ice cold 0.375% (w/v) uranyl acetate dissolved in 10% (w/v) trichloroacetic acid plus 0.1 ml concentrated HCl. Mixtures were left to precipitate at 4 C for 30 min and centrifuged at 37,000g for 5 min. RNase activity was indicated by an increment in the value for A2. -A, in the final supernatant. Hydrolysis of 1 p.g RNA to acidsoluble products yielded an absorbance change of 0.014 units under the above conditions. With this assay, pea RNase activity was proportional to the time of incubation and concentration of enzyme in the most active preparation encountered in this study. The pH (6.0) used was a compromise between the pH optima reported earlier (11, 15, 18) for soluble pea RNase (pH 5.6) and the microsomal enzyme (pH 5.9-6.2).
RESULTS
Survey of Growth Regulator Effects. When the plumule and hook are excised from 8-day-old etiolated pea seedlings and the cut apex is painted with lanolin paste containing no growth regulators (control), tissues in the apical 10 mm of epicotyl show changes often associated with senescence (Table I, Fig.  1 ). In the 3-day period after treatment, these changes include: little further growth by elongation, swelling, or cell division: a marked decline in total protein and RNA levels; and a modest increase (doubling) of total RNase activity. The latter is the result of a gradual drift upwards of RNase levels (Table  II) rather than a sigmoidal increment typical of wound responses (1, 7) .
Addition of GA and BA3 to the cut apex results in elongation and swelling, respectively (Table I ). Both regulators appear to have "protective" effects on protein and RNA levels. but neither influences the drift in total RNase level (see also (2) . The increases in total RNase level which occur in controls and in IAA-treated tissues (Tables I and II) are distributed throughout the isolated fractions (Table III) . IAA treatment enhances RNase levels particularly in the heavy microsomes. In contrast, the extra RNase activity which appears in BAtreated tissues is accounted for by increments in all fractions except the heavy microsomes. In the system treated with both IAA and BA, BA completely eliminates the IAA-evoked rise in heavy microsome RNase and reduces the rise in light microsome RNase. There may be some relocation of this microsomal RNase into the soluble fraction, but it is clear that BA causes a severe net loss to occur in this enzyme activity.
Effects of washing the microsome fractions obtained in the above test are shown in Table IV . Microsomal RNase activity usually dissolves upon recentrifugation through 20% sucrose, but in microsomes extracted from IAA-treated tissue very high activity remains associated with the pellet.
It is concluded that there exists a distinct membrane-bound fraction of the total RNase activity which is evoked by IAA, suppressed by BA, and located in microsomes.
Sucrose Density Gradient Profiles. Figure 2 shows the ribosome distribution of heavy microsomal fractions isolated from epicotyl segments treated with IAA. BA, or both. A monosome peak occurs near the top of each gradient and a series of polysomal associations extends towards the bottom. Yellow, opaque material sedimenting through the 56% sucrose "cushion" at the bottom of the tube is only partially recovered by the gradient fractionator. This material yields a small peak of ultraviolet absorption and probably contains membrane- bound polysomes, comparable with the "heavy rough endoplasmic reticulum" of Tata and Widnell (23) .
The profiles (Fig. 2) indicate that pellets isolated from epicotyl segments at zero day contain 80 to 85% of the ribosomes as polysomes, whereas pellets isolated after 3 days from untreated segments contain only about 40% polysomes. BA treatment does not prevent this decline but IAA treatment partially reverses it. Treatment with IAA plus BA preserves the original high polysome proportion. Since IAA treatments greatly increase the RNA content of heavy microsomes (Fig.  1) , the absolute yield of polysomes per segment must increase 2-to 3-fold after such treatments (cf. 26) .
The location of RNase activity in relation to the polysomal profile was determined in a gradient prepared from heavy microsomes isolated from seedlings sprayed with 2 4-D. The profile (Fig. 3) is similar to that found for segments treated with IAA plus BA, i.e., 77% polysomes. Approximately 40% of the RNase activity is located in the top 2 ml of the centrifuge tube and represents soluble enzyme not sedimenting into the gradient. Another 40% precipitates with the pellet at the bottom of the tube. The remaining activity is spread diffusely throughout the gradient and shows no reproduLcible association with any peak.
DISCUSSION AND CONCLUSIONS
The RNase activity which is associated with microsomal fractions of the pea epicotyl is evidently controlled by two classes of plant growth regulators. Treatment with a high level of auxin (IAA or 2,4-D) greatly increases the total and specific RNase activity in microsomes, whereas treatment with equal amounts of BA, alone or in combination with IAA, effectively suppresses this RNase fraction. These changes occur against a background of relatively high soluble RNase activity which increases gradually with age, particularly after treatments which cause protein levels to rise (Fig. 1 , Tables 1  and IIl) . No growth regulator causes an increase in the specific activity of soluble RNase activity in these tests. These observations are in keeping with the conclusion that there is more than one RNase in peas (15, 18) and indicate that a bound RNase exists which is susceptible to antagonistic regulation by auxin and cytokinin.
Though not fully investigated, there is evidence that auxin can enhance and cytokinin suppress the bound RNase activity in other plant tissues, e.g., barley and wheat leaves (cf. 17 versus 20 and 21). Regardless of the mechanisms of such effects, the consequences could be crucial for growth if this regulated nuclease were active against essential polysomes. In peas. much of the auxin-evoked microsome RNase is clearly kept apart from polysomes by compartmentalization (Fig. 3) . It can be calculated that there is sufficient potential RNase activity in these fractions to degrade all of the RNA there in I or 2 min (cf. Fig. 1 and Table I ) and, obviously, this does not happen either in vivo or during isolation. Nevertheless, the polysome profiles are distinctly degraded in auxin-treated tissues compared to profiles at zero time or after treatment with IAA + BA (Fig. 2) . and this correlates well with the relative RNase activity levels in these fractions (Table III) . It appears. therefore, that auxin and cytokinin control polysome production and preservation (longevity), respectively, and that both thereby have a decisive influence on the rate of polysome turnover. This can explain why processes such as lateral cell expansion and net protein synthesis in the decapitated pea epicotyl are primarily dependent on auxin treatment, but the full extent of the responses to auxin are not seen unless the system is augmented with cytokinin, i.e.. synergism (Table 1) .
